The benzanthrins, which were produced by Nocardia lurida, were extracted from the fermentation broth with CH2Cl2. Subsequent purification on Sephadex LH-20 and diolbonded silica gel, followed by countercurrent chromatography, afforded analytically pure benzanthrins A and B. FAB-MS revealed that benzanthrins A and B were isomeric. It was demonstrated through degradative and spectroscopic studies that the benzanthrins were di- Fermentation studies with Nocardia lurida, a known producer of the ristocetins, resulted in the additional production of two new antibiotics, benzanthrins A and B. The discovery, fermentation and antibacterial activity of the benzanthrins is the subject of the preceding paper1). This paper will deal with the isolation, structure determination and antitumor activity of these novel antibiotics.
Fermentation studies with Nocardia lurida, a known producer of the ristocetins, resulted in the additional production of two new antibiotics, benzanthrins A and B. The discovery, fermentation and antibacterial activity of the benzanthrins is the subject of the preceding paper1). This paper will deal with the isolation, structure determination and antitumor activity of these novel antibiotics.
Experimental
General Procedures NMR spectra were obtained with a General Electric GN 500 MHz spectrometer. The samples were run in CD2Cl2 and referenced on the lock solvent (5.32 ppm). The 2D proton-carbon chemical shift correlation (CSCM) experiment was performed on the GN 500 using a 5 mm C-13 probe and a model 1280 computer. The CSCM pulse sequence employed for the experiment was essentially that of FREEMAN and MORRIS2) modified to deliver a composite 180 degree pulse. Ninety degree pulse widths on the 5 mm C-13 probe were 15 pseconds for carbon and 30 useconds for proton. Fixed delays, delta 1 and delta 2, were set to 3.3 and 1.7 mseconds, respectively, with phase-cycling providing quadrature in both dimensions. The 2D homonuclear J-correlation experiment (COSY)3) was run on the GN 500 spectrometer using the 5 mm H-1 probe. The ninety degree proton pulse for this probe was 12 pseconds. Mass spectra were determined on a Kratos MS-50 spectrometer. High resolution measurements were made at 10,000 resolving power. UV spectra were determined with a Perkin-Elmer Lambda 3B UV/VIS spectrophotometer and IR spectra were measured with a PerkinElmer Model 521 grating spectrometer.
Isolation of Benzanthrins A and B The isolation scheme for benzanthrins A and B is shown in Fig. 1 . Activity units were determined by an agar diffusion assay using a Staphylococcus aureus 6538P inoculum. Supernate broth (73 liters) was adjusted to pH 8.5 and extracted with CH2Cl2 (2 x 16 liters). The extracts were combined and the CH2Cl2 evaporated under reduced pressure leaving a dark red residue. The residue was applied to a column of Sephadex LH-20 (4 liters bed vol) and two activity bands were eluted in MeOH, one enriched in benzanthrin A and the other in benzanthrin B. Each was purified further by liquid-liquid chromatography on diol-bonded silica gel (support weight/sample weight = 80/1). This separation method represented a new preparative technique for purifying microbial metabolites4). Elution was carried out first with the lower (less polar) phase of the two phase system (1) shown in Fig. 1 and then with the upper (more polar) phase. In the case of the benzanthrins a mixed-mode separation occurred (i.e. partitioning and adsorption), requiring final elution with 0.01 % Et3N -MeOH to get maximum recovery of activity. The final purification step was carried out in an Ito Coil Planet centrifuge, a semi-preparative countercurrent chromatography (CCC) technique5,1). The lower phase of the two phase solvent system shown in Fig. 1 was the stationary phase and the upper was the mobile phase. Total recovery weights of pure benzanthrins A and B were 267 and 43 mg, respectively. Hydrolysis of Benzanthrin A Benzanthrin A (6 mg) was taken up in 1.5 ml of 0.1 N HCl and the resulting solution was heated on a steam bath for 3 hours. The reaction mixture was cooled to room temperature and the pH was adjusted to 9.5. The mixture then was extracted with CHSCl2 (2 x 1 ml), the extracts were combined, and the CH2Cl2 was evaporated under reduced pressure leaving a dark blue-green residue. The residue was chromatographed in an Ito Coil Planet centrifuge; biphasic solvent system, CCl4 -CHCl3 -MeOH -H2O (25: 25: 40: 10); stationary phase, lower layer; mobile phase, upper layer; flow rate, 5 ml/minute. Fractions were assayed by TLC (BuOH -HOAc -H2O Hydrolysis of Benzanthrin B Benzanthrin B (4 mg) was taken up in 1.0 ml of 0.1 N HCl and treated as above. After CH2Cl2 extraction and purification on the Coil Planet centrifuge, I mg of material was obtained which was identical in all respects to benzanthrin pseudoaglycone above. Zn Dust Distillation7) of Benzanthrin A _ Benzanthrin A (1 mg) was well mixed with 3 mg of freshly activated8) Zn dust and was placed in a knee tube. The solid mixture was held in place with a small piece of glass wool. The bulb of the tube was heated over a microburner to a red glow and held there for 1 minute. After the tube cooled to room temperature, it was broken above the bend and the top piece containing the distillate was rinsed with CH2Cl2. The CH2Cl2 was evaporated and the residue was purified by preparative TLC (hexane development). The major component was collected and eluted from the silica gel with CH2Cl2. The residue remaining after evaporation of the CH2Cl2 was analyzed by UV and MS. UV AEx°H nm 267, 278, 288, 303, 316, 326, 344, 359, 386; EI-MS m/z 256 (M+). These data were consistent with a dimethylbenz[a]anthracene structure. 
Structure Determination
The nearly identical UV and IR spectra of benzanthrins A and B (Table 1 and Figs. 2~ 5) suggested that they had the same hydroxyquinonoid type chromophore. This was verified by separately hydrolyzing benzanthrins A and B in dilute mineral acid to obtain the same CH,Cl, extractable product (C27H27NO7) which was characterized as a pseudoaglycone (included all of the structural features of the chromophore by UV and IR analysis plus an additional sugar moiety by NMR analysis). The structure of the carbon skeleton of the chromophore was determined by carrying out a Zn dust distillation on benzanthrin A. The UV spectrum of the major product 1 was in close agreement with the Zn dust distillation product of tetrangulol, which had been characterized as 3-methylbenz[a]anthracene (2)7) (UV results in Table 3 ). This established the ring system as a benz [a] anthracene. The mass spectrum of 1 (M, 256) supported a dimethyl structure which indicated that the ring system of the chromophore consisted of two branched carbon-carbon bonds.
The remaining structural features of the pseudoaglycone (hence the chromophore) were elucidated by 500 MHz NMR (CD2Cl2). A 2D J correlated map (COSY), and the accompanying 1H spectra on the x and y axes is shown in Fig. 7 . The results of the COSY, combined with the knowledge of the oxygenation pattern on rings B and D, (UV and IR) provided good evidence for assigning the three coupled aromatic protons as H-9, H-10, and H-11 on ring D, (3). This was supported by a comparison of 11C chemical shifts of rings C and D with those of 1-hydroxy-8-methoxyanthraquinone1 ) Table 4 . The positions of the two aromatic singlet protons and the aromatic methyl in structure 3 Fig. 9 , the non-aromatic protons could be unambiguously assigned to a 2-deoxy-3-dimethylaminohexose which was shown to be angolosamine on the basis of relative stereochemistry.
The fact that there were only two unassigned aromatic protons indicated, by default, that the angolosamine was equatorially (J2-3'ax =10.5 Hz) linked to the benz[a]anthraquinone skeleton through carbon rather than oxygen. This also was in agreement with the generic structure of the Zn dust distillation product (1). The chemical shift of C-2' (6 76.4) in the CSCM which correlated with H-2' (6 5.2) is the expected value for carbon 2 of a C-glycoside13). Furthermore, the rest of the carbons for angolosamine matched well with those of the same C-glycosidic sugar in hedamycin13) ( Table 5 ).
Most of the ambiguity of substitution on the A and B rings in 3 was resolved by nuclear Overhauser effect (NOE) differences measured for H-5, H-4 (13.1 %) and H-4, 3-CH3 (10.5 %). These results were consistent with either structure 4 or 5. The former was supported by the UV spectrum of benzanthrin pseudoaglycone which was almost identical to that of a rabelomycin dehydration product14)
having a benz[a]anthraquinone structure with the same oxygenation pattern as 4. Thus the pseudoaglycone was formulated as structure 4.
The 13C chemical shift data for benzanthrins A and B and the pseudoaglycone (Table 6) Table 5 . 13C Chemical shifts of C-glycosidic angolosamine in benzanthrin pseudoaglycone (CD2Cl2) and in hedamycin (CDCl3). glycosidic sugar in the case of benzanthrin A (6) was that of rhodosamine and for benzanthrin B (7) was angolosamine. Accordingly the structures and relative stereochemistry of benzanthrins A and B were formulated as 6 and 7, respectively.
The benzanthrins are structurally related to tetrangomycin7), rabelomycin14), the fujianmycins15) and PD 11674018). Unlike the benzanthrins, none of these antibiotics are fully aromatized nor do they possess sugars. Nogalamycin17) and the benzanthrins appear to be the only examples of antibiotics having both 0-glycosidic and C-glycosidic linkages to an aglycone. 
